Therefore, the proposed model can be used in investigating the performance of various types of turbojet engines without performing time taking theoretical calculations.
I. INTRODUCTION
Gas turbines are used in a wide variety of applications in aviation and electricity generation. It is especially important for aviation as these engines can power huge aircrafts and also are cost-efficient in operation. Today, a great attention has been paid on optimizing the fuel consumption and usability of these engines while minimizing their noise level. This serves the purpose of the smallest possible environmental impact of emissions and low consumption of resources. Thennal and materials engineering play a vital role in designing of gas turbines and improving their perfonnance.
Previous work by lian-hua and Ying-yun [1], MATLAB was used to solve thermodynamic parameters of a micro turbojet. On this basis, they used GasTurb to model and simulate a gas turbine engine. The steady performance under off-design conditions and the impact of the external environment on the gas turbine's performance were analysed in detail. The results showed that the effects of ambient temperature changes on gas turbines are quite significant. With the increase of the ambient temperature, the specific fuel consumption continued to rise; thennal efficiency increased gradually while the thrust was decreasing.
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United Kingdom E-mail: c.abeykoon@glyndwr.ac.uk A. Basic operation of gas turbines A gas turbine is an internal combustion engine. Today most of the modern passenger, cargo and military aircrafts are powered by various size/type of gas turbine engines. A turbine basically consists of five components: intake, compressor, combustion chamber, turbine and propelling nozzle. The principle of operation can be described in terms of simple steps. The air flows through the inlet into the compressor with one or more compression stages where the compressor will deliver a high pressure air flow that required in the turbine inlet. Energy is then added by spraying fuel into the air and igniting it in the combustion chamber. The combustion generates a high temperature flow, which consists of a mixture of combustion gas and air. The high temperature and high pressure gas enters the turbine and expands down to the exhaust pressure. One part of the energy is converted into kinetic energy or rotational energy, which produces a shaft work output in the process. Thereby, the compressor is driven. The other part produces the thrust in the propelling nozzle. Thrust is a mechanical force which is generated through the reaction of accelerating a mass of gas [2] , [3] . A schematic diagram of the engine arr angement and the typical temperature entropy and pressure-volume diagrams of a gas turbine engine are shown in Figure 1 . 
B. Turbojet
The first centrifugal-flow turbojet was invented in 1930 by Frank Whittle of the Royal Air Force, and in Germany, Hans von Ohain also patented a similar engine in 1935 [5] . Since then turbojet engines have been widely popular and they are still common in medium range cruise missiles, possibly due to their high exhaust speed, small frontal area, and relative simplicity. A turbojet turbine is designed such that it generates the power for driving the compressor and thrust for moving the aircraft. The entire gas flow is conducted through the combustion chamber and the expansion of the exhaust gases in the propelling nozzle to atmospheric pressure to produce a very fast thrust jet. Due to the high exit velocity of the exhaust jet, the turbojet gas turbines are low in efficiency at low speeds. Especially at subsonic speeds (i.e., at low speeds) the specific fuel consumption is high [3] . Because of the fast jet, the turbojet gas turbine produces a high noise level, which limits their usefulness. As per improvements over the time, turbojets have been replaced in slower aircraft by turboprops which use less fuel. At higher speeds, they have been replaced by turbofans as the propeller is no longer efficient. Basically, the turbofan is quieter and uses less fuel than the turbojet. The difference between shaft power cycles and aircraft gas turbine cycles is the useful power output. For turbojets the thrust is generated in the propelling nozzle. With gas turbines, higher speeds and greater heights can be achieved and hence the reciprocating engines were replaced by gas turbines. The intake of this type of gas turbines must be considered as a separate component because of its significant effects on the forward speed. The intake has an effect on the engine efficiency and aircraft safety. It is very important to minimize the pressure losses and also to ensure that the air flow enters the compressor with a unifonn pressure and velocity. Non uniform or distorted ambient air flow can cause a surge in compressor which can result in serious mechanical damages due to blade vibrations [7] , [8] .
The compressor of a gas turbine needs an air flow with an axial Mach number (M) between 0.4-0.5 at its first stage inlet. Subsonic aircrafts will typically cruise between 0.8-0.85 (M) while supersonic aircrafts operate at speeds from M 2-2.5. The engine operates at maximum power and airflow at take-off with a zero forward speed. The inlet must therefore withstand heavy loads at many operating conditions. Under static operating conditions or at very low forward speeds the intake acts as a nozzle in which the air accelerates from zero velocity VA to the compressor inlet velocity V,. At nonnal forward speeds the air decelerating form VA to VI and the static pressure rising from atmospheric pressure pa to the compressor inlet pressure PI [8] This study is focused on modelling of a turbojet gas turbine and is explored how to develop a gas turbine model on a Simulink platform which comes as close as possible to reality. This will be carr ied out via theoretical calculations, creating a model in MA TLAB-Simulink and also in GasTurb.
II. MODELLING
A. Theoretical Modelling
The steps in developing the theoretical model are discussed below and the parameters considered are given Table I . Increase in temperature at the air inlet: 2
For the inlet temperature: 
,dT, is the temperature after isentropic compression to PI. ,dT, can be related to T, by introducing an isentropic efficiency 111 defined as:
The pressure after intake is given by:
The pressure at the outlet from the compressor can be found by using the compressor pressure ratio P?!P ,:
P 2 = � P 2 I P I ) x P I
The temperature of the work transfers for a given pressure ratio is given by:
Temperature at the compressor outlet:
The turbine work is equal to the compressor work divided by the mechanical efficiency of transmission (
and hence:
The temperature at the turbine outlet:
The loss of pressure in the combustion chamber can be denoted as M B. Then the pressure at the outlet of the combustion chamber can be defmed as:
The temperature at the turbine outlet with turbine losses:
.J T Then pressure at the turbine outlet can be calculated:
3 The nozzle pressure ratio can be defmed as:
The critical pressure ratio:
Since the nozzle pressure ratio P 4/'PA is greater than the critical pressure ratio P 4/'Pc the nozzle is choking. Then, the exit temperature of the for the nozzle outlet (T5): ( 1 ]
After the basic calculations, equations for calculating the thrust have been established. Then, the density of the air at the nozzle outlet can be defmed as:
The velocity of the air at the nozzle outlet:
Then, the specific thrust is given by equation The gross thrust is then:
FG = ril S x V S
The ram drag can be defined as:
Then the net thrust can be calculated as follows:
For the air/fuel ratio a:
actual fuel/air ratio a= ------- 
Finally the specific fuel conswnption (SFC) can be defined as:
The steps followed in developing the MA TLAB-Simulink model of a turbojet gas turbine engine are presented below.
1) Creating the Model Parameters
First all the individual block diagrams of the components of a turbojet gas turbine (turbine, intake, compressor, burner, turbine and nozzle) were created to obtain the basic structure of the model. To take the atmospheric conditions into account, the component "Atmosphere" was added to the model. For this purpose, the boundary conditions of the respective altitude were entered by following the specifications of the ISA (International Standard Atmosphere) [9] .
For implementing the thermodynamic and engine performance parameters, the previously calculated equations were implemented in the corresponding components. This includes units and relationships of the individual equations. For the implementation of the full model then input and output variables were set, which are ultimately necessary for the simulation. The relevant data which were used in establishing the simulation and calculation are shown in Table I . The block diagram of the final model obtained in MA TLAB-Simulink is shown in Figure 3 . GasTurb ™ simulates the most important gas turbine configurations used in propulsion or power generation. Virtually all gas turbine performance simulation problems can be solved with GasTurb.
2) Creating the Model Parameters
GasTurb offers a wide variety of aircraft engine configurations to select from and an arr angement of a turbojet air system in GasTurb is shown in Figure 4 . After selecting the proper configuration, the engine parameters presented in Table I were entered into the program. Then, GasTurb calculates the required values for the input parameters as a function of the set altitude and the Mach number.
III. RESULTS AND DISCUSSION
At different flight conditions both the thrust and specific fuel consumption will vary, due to the change in the air mass flow with varying density and the variation of momentum drag with the forward speed. Furthermore, even if the engine were run at a fixed rotational speed, the turbine inlet temperature will change with intake conditions. Typical variations of thrust and specific fuel consumption with change in altitude for a simple turbojet gas turbine are shown in Figures 5 and 6 . In comparison of the values obtained from the calculation, the MA TLAB model and GasTurb, it can be seen that the thrust decreases significantly with altitude due to the favourable effect of lower intake temperature. Specific fuel consumption however shows some improvement with increasing altitude as shown in Table II . Moreover, the specific fuel consumption is dependent upon the ambient temperature. It is obvious from the variation in thrust and specific fuel consumption that the fuel consumption will be greatly reduced at high altitudes. The results achieved from calculation and simulation at an altitude of 10000 m and 500 m can be seen in Table II . This information clearly shows the relationship between the altitude, specific fuel consumption and net thrust. The fuel/air ratio is the mass ratio of fuel to air present in a combustion process such as in an internal combustion engine. The relationship between fuel/air ratio and altitude is illustrated in Figure 7 . Moreover, Figure 8 shows the relationship between altitude and mass flow rate. The mass flow rate decrease significantly at high altitudes. Today, a great attention must be paid on optimizing the fuel consumption, weight, size and usability while minimizing the noise level of gas turbine engines particularly which are used in aviation. However, additional equipment leading to an increase of weight may not be installed in improving the perfonnance of these engines. One possible way to improve the efficiency is the increase of the turbine inlet temperatures. Today temperatures close to 2000 °C are possible with the new material developments. Although this is a huge disadvantage 205 which is leading to achieve higher combustion temperatures, it can cause to increase of nitrogen oxides in the combustion gases, which are responsible for the formation of ozone at ground level and smog. Another way to improve the efficiency of gas turbines is to design the components aerodynamically as possible with minimal losses. The advanced techniques based on computer aided design made this possible. Figure 13 illustrates the influence of the turbine inlet temperature on the net thrust, the turbine inlet temperature the higher the net thrust. As described above, the overall efficiency is increased by increasing the turbine inlet temperature. Also, it should be noted that the increase of turbine inlet temperature should lead to increase of the operating pressure ratio. Typically, thermal efficiency of gas turbines increase with the pressure ratio up to some level and then it starts to decrease. The maximum possible pressure ratio (rp, max) can be presented as a function as a maximum and minimum temperatures (Tmax and Tnun)of the cycles as given in equation (28).
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(28) Hence, increase of the turbine inlet temperature should be performed with a greater care without losing the overall thermal efficiency.
Apart from the manual calculations, MA TLAB model and GasTurb, the values shown in Table II were checked with an online calculator available for calculating single spool turbojet engines [11] and all of these values are in good agreement with the online results as well. This confirms the accuracy of the proposed models in this work.
IV. CONCLUSIONS
In this, work, a turbojet gas turbine engine was modelled theoretically and computationally. These models will help to study the perfonnance of the turbojet engines at different operating conditions without performing heavily expensive experiments. The creation of such computer model can be the basis for development of gas turbines and their digital control systems in the future, In addition, it was necessary to carry out a basic study on the functional sequence in the gas turbine, These are highly complex aerodynamic and thermodynamic processes. All of these actions were necessary to create a model as realistically as possible and with high precision. From the results, it can be seen that the error between the simulation and calculation is within 2% and this confirms the efficacy of the proposed models.
